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Summary
Salicylic acid (SA) acts as an endogenous signal 
molecule, synchronizing plant responses under abiotic 
stress and a component of tolerance in plants. The cur-
rent study investigates the effects of SA on mineral nu-
trient concentrations in two grapevine (Vitis vinifera L.) 
cultivars, 'Qarah Shani' and 'Thompson Seedless' un-
der NaCl stress. Grapevine rooted cuttings were plant-
ed in pots, containing a mixture of perlite and cocopeat 
(1:1 v/v) and placed in an open hydroponic system. 
Plants were exposed to five levels of salinity 0, 25, 50, 75 
and 100 mM NaCl and four levels of SA 0, 100,  200 and 
300 mg∙L-1. Results indicated that foliar spray with 
SA improved nutrient uptake by grape roots. Plant’s 
leaves and roots Na+ and Cl- contents increased signifi-
cantly, and NO-
3
-N, K+, Na+, Ca2+, Mg2+, Zn2+, Fe2+ and 
also K+/Na+ selectivity ratios decreased in both cultivars 
in response to salt treatments. Application of SA sig-
nificantly reduced Na+ and Cl- accumulation in leaves 
and roots in both cultivars and it increased NO
3
-N, K+, 
Ca2+, Mg2+, Zn2+ and Fe2+ contents under NaCl stress. 
Therefore, SA could mitigate the detrimental effects of 
salinity on accumulation of harmful ions and improve 
the absorption of essential and beneficial elements in 
grapevine under salinity. 
K e y  w o r d s :  grapevine, salicylic acid, salinity, nutrient 
concentration, growth parameters.
Introduction
During their life cycles, plants often experience abiotic 
stresses such as salinity, drought, high and low intensity 
of heat, flooding, metal and ozone toxicity, UV-radiations, 
herbicides and other chemical pollutants posing serious 
threats in crop production (PARVAIZ et al. 2013). Salinity 
is one of the most serious environmental factors, limiting 
the productivity of agricultural crops due to its both os-
motic and toxic effects (MUNNS and TESTER 2008). The del-
eterious effects of salinity on plant growth are associated 
with low osmotic potential of soil solution (water stress), 
nutritional imbalance and specific ion effect (PARVAIZ and 
SATYAWATI 2008). 
 Grapevine (Vitis vinifera L.) is usually grown in semi-
arid areas where drought and salinity are the most common 
problems (CRAMER et al. 2007). Field studies suggest that 
grapevines should be classified as moderately sensitive to 
salinity (PRIOR et al. 1992, STEVENS et al. 1999). The ad-
verse effects of salt stress on grapevines have been well 
documented. Salinity can reduce photosynthesis through a 
decline in leaf expansion rates, decrease  root and shoot 
vigor, cause leaf burn or leaf death, particularly in old 
leaves, decrease yields and ultimately lead to plant death 
(FISARAKIS et al. 2001, MUNNS 2002, WALKER et al. 2002).
Compounds, reducing damaging effects of stresses are 
of great interest from application point of view. In the cur-
rent study, we focused on the salt-tolerance-inducing role 
of salicylic acid in 'Thompson Seedless' and 'Qarah Shani' 
grapevine cultivars. Salicylic acid is a phytohormone with 
ubiquitous distribution among plants (RASKIN 1992, WANG 
and LI 2006). Salicylic acid is also known as an important 
signal molecule for modulating plant responses to environ-
mental stresses (EL-TAYEB 2005). 
By improving the rates of mineral nutrient uptake 
and reducing Na+ and Cl- uptake, Salicylic acid has been 
reported to manage the deleterious salt effects on maize 
plants (GUNES et al. 2007). GUNES et al. (2005) found that 
in salt stress conditions, SA treatments stimulated N, P, K+, 
Mg2+ and Mn2+ accumulation in maize plants. GHARSA et al. 
(2008) concluded that the plants improved tolerance to salt 
stress was primarily because of higher K+ absorption result-
ing in higher K+/Na+ ratios. Also, AL-HAKIMI and HAMADA 
(2001) observed similar effects of salicylic acid on K+, Ca2+ 
and Mg2+ contents of wheat plants grown under salinity. 
ALY and SOLIMAN (1998) studied the effects of SA on iron 
uptake in soybean genotypes and reported that SA was ef-
fective in correcting iron chlorosis in the plants grown in 
calcareous soils. It has also been shown that the damaging 
effects of salinity were alleviated by exogenous application 
of SA in Arabidopsis (BORSANI et al. 2001).
There are limited studies have been conducted by dif-
ferent researchers like KOK (2012) on the effects of SA on 
woody plants responses to salinity stress. Thus the current 
study indicates the effects of salicylic acid (SA) on mineral 
nutrient contents in two grapevine (Vitis vinifera L.) culti-
vars, differing in regard to their tolerance under salt stress.
Material and Methods
P l a n t  m a t e r i a l  a n d  g r o w t h  c o n d i -
t i o n s :  Hardwood cuttings of Vitis vinifera L. 'Qarah 
Shani' and 'Thompson Seedless' with two nodes were 
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collected in winter 2011 and planted in perlite media for 
3.5 months to root. Cuttings with well-developed root sys-
tems were transplanted to pots containing a mixture of per-
lite and cocopeat (1:1 v/v) in an open hydroponic system. 
The pots were kept in the greenhouse with light/dark pe-
riod of 16 h/8 h at the average of minimum and maximum 
temperature of 14.6 ± 2 and 29.5 ± 2 °C respectively and 
the relative humidity from 40 % to 65 %. The plants were 
fertigated with the modified ½ strength Hoagland nutrient 
solution (HOAGLAND and ARNON 1950). The pH of the nutri-
ent solution was adjusted at 6.3. 
At the beginning of the experiment, the plants were 
supplied by 200 mL nutrient solution three times a week. 
Each time, about 20 % of the nutrient solution was drained 
from the bottom of the pots. The nutrient solution was re-
placed, weekly. All vines were trimmed to a single shoot 
and axillary buds were removed as they appeared.
A p p l i c a t i o n  o f  s a l t  s t r e s s :  Salt stress was 
applied to the 100-day-old grapevine plants fertigated by ½ 
strength Hoagland nutrient solutions. Final concentrations 
were 25, 50, 75 and 100 mM of NaCl salinity. The control 
plants only received nutrient solution. The electrical con-
ductivity (EC) of the salt treated solutions at 25 °C was 
1.4, 3.6, 7.5 and 11.8 ds/m, respectively. To avoid salinity 
shock, NaCl was gradually added to the nutrient solutions 
at the rate of 25 mM a day to reach final salinity level. The 
experiment lasted for seven weeks.
S A  t r e a t m e n t s :  Concurrent with salinity appli-
cation, the foliage of grapevines was sprayed with SA at 
various concentrations (0, 100, 200 and 300 mg∙L-1). Be-
fore spraying, the pH of the solutions was adjusted at 6.5 by 
0.1 N NaOH. The control plants were sprayed with deion-
ized water. Tween-20 (0.1 %) was added to all solutions as 
surfactant. The plants were sprayed with SA solutions at 
two-week intervals until the end of the experiment.
T i s s u e s  m i n e r a l  n u t r i e n t  a n a l y s i s :  At 
the end of the experiment, mature leaves on mid stem and 
fibrous roots were sampled and rinsed with deionized wa-
ter and oven-dried at 70 ºC for 48 h. The dried tissues were 
analyzed for their Na+, Cl-, NO
3
-N, K+, Ca2+, Mg2+, Zn2+ 
and Fe2+ contents.  
The Na+ and K+ contents of tissues were analyzed by 
flame photometry (Fater 405 model, Iran), Cl- content was 
analyzed by chloride analyzer (Model 926, Sherwood sci-
entific), and nitrogen as nitrate (NO
3
-N) was colorimetri-
cally analyzed by nitration of salicylic acid (CATALDO et al. 
1975). Another group of samples (leaves and roots) was 
used to determine Ca2+, Mg2+, Fe2+ and Zn2+ concentrations. 
Dried samples (0.4 g) were ground and ashed at 550 °C in 
a porcelain crucible for 5 h, separately. The white ash was 
digested in 10 mL HCl (2M), filtered into a 50 mL volu-
metric flask, and finally, made up to 50 mL with distilled 
water. Ca2+, Mg2+, Fe2+ and Zn2+ were analyzed by atomic 
absorption spectrophotometer (Shimadzu AA-6300).
S t a t i s t i c a l  a n a l y s i s :  The experiments were 
performed in a completely factorial randomized design 
with four replications. Analysis of variance (ANOVA) 
was performed by means of SAS 9.1 Statistical Software. 
Treatment means were compared by using Duncan’s Mul-
tiple Range Test at 1 % level.
Results
N a +  a n d  C l -  c o n c e n t r a t i o n :  The salt treat-
ments significantly increased the sodium contents in both 
roots and shoots of the two cultivars. Root Na+ content of 
both cultivars increased up to the external 50 mM NaCl 
and then it slowed down with a further increase in the ex-
ternal salinity levels. In the presence of 75 and 100 mM 
NaCl in external media, the application of 300 mg∙L-1 SA 
mitigated Na+ concentration in the leaves of 'Qarah Shani' 
to 59.15 % and 11.78 %, respectively, and in the leaves of 
'Thompson Seedless' to 37.6 % and 26.20 %, respectively, 
in comparison with the control plants. (Fig. 1).
In both cultivars, Cl- content increased in leaves and 
roots along with augmentation of salt concentration in nu-
trient solution. Cl- concentrated more in the leaves than in 
the roots. The SA treatments reduced Cl- concentration in 
leaves and roots of both cultivars significantly under sa-
linity. In the 100 mM NaCl treatment, the application of 
300 mg∙L-1 SA significantly reduced Cl- concentration in 
roots of 'Qarah Shani' and 'Thompson Seedless' to 16 % 
and 8.5 % respectively (Fig. 2).
K +  a n d  N O
3
- N  c o n c e n t r a t i o n :  The pres-
ence of NaCl in roots media caused a decrease in K+ con-
tent in leaves and roots of both cultivars, while the applica-
tion of SA increased K+ concentration in leaves and roots 
of the two cultivars. In the 100 mM NaCl treatment, the 
application of 300 mg∙L-1 SA significantly increased the K+ 
content in roots of 'Qarah Shani' and 'Thompson Seedless' 
to 76.83 % and 66.81 %, respectively. (Fig. 3).
Salt stress decreased NO
3
-N content in the leaves and 
roots markedly. In the 100 mM NaCl treatments, NO
3
-N 
content in the leaves of 'Thompson Seedless' and 'Qarah 
Shani' were almost 3.53 and 3.28-folds lower than in the 
control, respectively but in the roots, it decreased almost 
3.5 and 2.04-fold lower than in the control plants. The ap-
plication of SA significantly increased NO
3
-N content in 
the roots and leaves of both cultivars (Fig. 4). 
C a 2 +  a n d  M g 2 +  c o n c e n t r a t i o n :  Ca2+ content 
significantly decreased in leaves and roots when salt con-
centration in nutrient solution increased. In the 100 mM 
NaCl treatments, Ca2+ content in the leaves of 'Thompson 
Seedless' and 'Qarah Shani' was almost 2 and 1.49-fold 
lower respectively as  compared with the control. The ap-
plication of SA significantly increased Ca2+ content in both 
leaves and roots as compared with corresponding salinity 
levels (Table). Mg2+ contents in roots and leaves of both 
cultivars decreased with an increase in salinity. The appli-
cation of SA significantly increased Mg2+content in leaves 
of both cultivars. (Table).
F e 2 +  a n d  Z n 2 +  c o n c e n t r a t i o n :  Fe2+ content 
in leaves and roots of both cultivars decreased with an in-
crease in salinity levels. In the 100 mM NaCl treatment, the 
application of 300 mg∙L-1 SA did not significantly influ-
ence on Fe2+ content in leaves of both cultivars. (Table).
The salinity treatments significantly decreased 
Zn2+ content in the leaves and roots. The application of 
300 mg∙L-1 SA did not influence the Zn2+ content in the 
leaves and roots of both cultivars significantly as compared 
with the control plants (Table).
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Fig. 1: Interaction of cultivar, salinity and SA on Na+ contents in roots and leaves of two grapevine cultivars. a: cultivar (a1: 'Qarah 
Shani', a2: 'Thompson Seedless'), b: salinity (b1: 0 (control), b2: 25, b3: 50, b4: 75 and b5: 100 mM). 
Fig. 2: Interaction of cultivar, salinity and SA on Cl- contents in roots and leaves of two grapevine cultivars. a: cultivar (a1: 'Qarah 
Shani', a2: 'Thompson Seedless'), b: salinity (b1: 0 (control), b2: 25, b3: 50, b4: 75 and b5: 100 mM). 
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Fig. 3: Interaction of cultivar, salinity and SA on K+ contents in roots and leaves of two grapevine cultivars. a: cultivar (a1: 'Qarah 
Shani', a2: 'Thompson Seedless'), b: salinity (b1: 0 (control), b2: 25, b3: 50, b4: 75 and b5: 100 mM).
Fig. 4: Interaction of cultivar, salinity and SA on NO
3
- contents in roots and leaves of two grapevine cultivars. a: cultivar (a1: 'Qarah 
Shani', a2: 'Thompson Seedless'), b: salinity (b1: 0 (control), b2: 25, b3: 50, b4: 75 and b5: 100 mM).
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Discussion
Plant growth is an important factor in determining 
its ability to tolerate salt stress and the genetic variation 
among plants provide a valuable tool in the selection of 
cultivars with desirable traits (MISRA and DWIVEDI 2004). 
The current study clearly demonstrates different responses 
of two grapevine cultivars when subjected to NaCl stress. 
Our data indicated that 'Qarah Shani' is relatively more tol-
erant than 'Thompson Seedless'. The results are in line with 
those reported by MOHAMMADKHANI et al. (2013). They 
showed that 'Qarah Shani' was relatively salt tolerant. Salt 
stress inhibited shoot and root dry weights significantly; 
especially, in the 75 and 100 mM NaCl treatments. The 
results are in accordance with those reported for grapevine 
by BEN-ASHER et al. (2006) and also by SHANI and BEN-
GAL (2005). On dry weight basis, the decrease in biomass 
production under salt stress conditions was less in 'Qarah 
Shani' as compared with 'Thompson Seedless'. The find-
ings suggest that under salt stress, the ameliorative effects 
T a b l e
Interaction of cultivar, salinity and SA on Ca2+, Mg2+, Fe2+ and Zn2+ contents in roots and leaves of two grapevine cultivars
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0 0 0.878a 0.925 a 1.95  a-c 0.56    ab 308.46     ab 160.84   a-e 47.94    a-g 25.52    a-c
100   0.836ab  0.887 a 1.99  ab 0.522  b-d 301.23   a-c 166.10  a-d 44.62     c-i 23.26    a-e
200  0.857 ab 0.9  a 1.985 ab 0.572  a 311.01     a 167.09   a-d 49.48     a-e 26.37    ab
300 0.822  abc 0.818  a-c 2.01  ab 0.535  abc   282.79   a-f 170.98   a-c 51.49     a-c 17.81    c-k
25 0 0.804 b-d 0.795 a-c  2.03 a 0.53    a-d  277.87   a-h 152.65   a-f 41.03    e-j 16.77    e-k
100 0.81 b-d 0.812a-c 1.99  ab 0.517   a-d  263.02    b-j 148.05   a-f 39.36     g-j 17.18    d-k
200  0.838 ab 0.81  a-c 2.02 a  0.555   ab 280.34    a-g  155.49   a-f 45.96     c-h 19.29     b-i
300  0.817 a-c 0.84 ab 2.00ab 0.512  a-e 276.87    a-i 163.70   a-d 46.49    b-h 22.33    a-e
50 0 0.695  g-i 0.67  c-e 1.68 f-i 0.407   g-m 224.88    j-l 129.10   e-i 35.33      j 15.68    e-l
100 0.633  j-m 0.625 d-f 1.73  e-i 0.387   h-n 239.56   f-k 139.19    c-g 36.41      ij  17.28   d-k
200  0.767 c-e 0.83  ab 1.87 a-e 0.492 a-g 272.94    a-i  147.33   a-f 40.07      f-j 21.72    a-e
300 0.796  b-d 0.875  a 2.00  ab 0.512   a-e 259.95   c-j 159.12  a-e  41.45     d-j  20.81   a-g
75 0 0.642  i-m 0.552 e-h  1.73 e-i  0.36   i-o 144.05  n-p 77.36     l-o 24.97      kl 10.50    k-p
100 0.611  k-m 0.62 d-f 1.87 a-e 0.325   l-o 146.18   n-p 88.70     j-n 19.99   k-m  13.91  g-m
200  0.717 e-g 0.78 a-c 1.61  h-j 0.412   f-m 232.26   h-k 102.39      i-l 21.65     kl 12.70   h-m
300 0.755d-f 0.813  a-c  1.82 b-g  0.452   c-h 242.82   e-k 114.33     g-j 26.73      k 11.45    j-o
100 0 0.586 mn 0.431 g-k 1.54  i-k 0.270  o-r 122.51      p 60.75   m-o 19.67   k-m 4.20    op
100  0.597 lm 0.482  f-j 1.48 j-l  0.278  o-r 142.76   n-p 57.61     n-o  20.00  k-m  3.54      p
200 0.68 g-j 0.538  e-i 1.75  d-h 0.33   k-o 137.84  op  87.28     j-n 25.53     kl 6.72    m-p
300 0.705  f-h  0.437 g-k 1.96  a-c 0.35  j-o 156.85   m-p  84.23      j-n 23.22     kl 5.75    n-p
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0 0 0.859  ab  0.845 ab 2.01  ab 0.47    b-h 296.00   a-d 175.01    ab 56.54     a 27.73     a
100 0.86 ab 0.82  a-c 2.03  a 0.502   a-f 303.70    a-c 174.86    ab 55.23    ab 23.66    a-d
200 0.877 a 0.847  ab  1.99  ab  0.512   a-e 287.69    a-e 171.42    a-c  50.37    a-d  22.28   a-e
300  0.846 ab 0.832  ab 2.04  a 0.49    a-g 298.48    a-d 177.75      a  48.66    a-f 21.59    a-f
25 0 0.808 b-d  0.565 d-g 1.85  a-f 0.42   e-k 234.85   g-k 126.80    f-i 37.73    h-j 19.56   b-i
100 0.812 b-d  0.546 e-h 1.88  a-e  0.415   f-l 253.47   d-j 145.89    a-f 43.01    c-i 19.46    b-i
200  0.766 c-e  0.598 d-f 1.93 a-d  0.445  c-i 275.52  a-i 149.24    a-f 45.17    c-i 22.17   a-e
300  0.806 b-d 0.707  b-d 1.92  a-d  0.460   c-h 272.32   a-i 147.15  a-f 48.42   a-g 23.22  a-e
50 0  0.647 h-l 0.378  j-m 1.65  g-j 0.342  k-o 185.13   l-n  102.06     i-l 21.93    kl  9.40    l-p
100 0.682  g-j  0.392  i-l 1.55  i-k 0.32    m-o 199.22   k-m 112.81  h-k 25.41    kl 14.07   f-m
200 0.674 g-j  0.445  g-j  1.63  h-j 0.277   o-r 230.71     i-k 137.16  d-h 43.49    c-i 18.15     c-j
300  0.842 ab  0.595 d-f 1.75  d-h 0.440   d-j 259.55   c-j 143.88  b-g 39.92     f-j 19.43     b-i
75 0  0.534 no 0.292  k-m  1.37  lm  0.297   n-p 159.81  m-p 70.18   m-o 17.22    lm 6.17  n-p
100 0.496  o 0.267  lm 1.42  kl 0.287   o-q 172.44    m-o 66.56    m-o 20.71   k-m 12.14    i-n
200  0.665 g-k  0.428  g-k 1.34  lm  0.332   k-o 246.13   e-j 82.95    k-n 37.39   h-j 20.13    b-h
300  0.817 a-c 0.405  h-l 1.78  c-g 0.387   i-n 260.79    c-j  91.43    j-m  42.22   d-j 22.80   a-e
100 0 0.434  p  0.27  lm 1.32  lm 0.200  qr 140.31   n-p 50.92     o 12.70     m  6.70   m-p
100 0.425  p  0.243 m 1.21 m  0.227   p-r 147.32   n-p 58.61    no  17.59     lm 5.62    n-p
200 0.515 o 0.367  j-m 1.35  lm 0.27  o-r 154.06   n-p 75.06     l-o 18.61   k-m 7.48   m-p
300  0.527 o  0.412  h-l 1.49  j-l 0.192  r 145.18   n-p 65.40   m-o 16.54    lm  7.70   mp
Mean value followed by different letters are significantly different (P < 0.01).
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of SA on shoot and root dry weights of the two cultivars are 
pronounced (data not shown); especially, in 'Qarah Shani'. 
Similar findings have been reported on soybean by GUTIER-
REZ-CORONADO et al. (1998), on maize by KHODARY (2004) 
and on cucumber by YILDIRIM et al. (2008). MUNNS (1993) 
showed that a decrease in plant biomass production due to 
salinity has been attributed to low external water potential, 
ion toxicity and ion imbalance. Generally, it seems that the 
main reason for the reduced plant growth in our study un-
der NaCl stress could be due to disturbed or imbalanced 
inorganic nutrition. In the presence of SA, Cl- and Na+ up-
takes were restricted that is resulted in high K+/Na+ ratio in 
roots and leaves. According to CAKMAK (2005), a higher 
K+/Na+ ratio in plants is an important strategy to minimize 
the adverse effects of salinity on growth parameters.
Only a few experimental data have shown that SA can 
influence absorption of nutrients in fruit trees under salin-
ity stress. The relations between salinity and mineral nutri-
tion of crops species have been studied comprehensively 
(GRATTAN and GRIEVE 1999). Numerous reports have indi-
cated that salinity reduces nutrients uptake and accumula-
tion by plants (ROGERS et al. 2003, HU and SCHMIDHALTER 
2005).
The current results showed that with the increase in 
salt concentration in nutrient solution, the roots of the two 
studied grapevine cultivars had limited capacity in Na+ 
uptake and transport to the shoots was more effective in 
'Qarah Shani' than in 'Thompson Seedless' in this respect 
(Fig. 1). Many of the deleterious effects of Na+ seem to 
be related to the cell membrane structural and function-
al integrity (KURTH et al. 1986). In plant species such as 
grapevine and citrus, Cl- toxicity is more important than 
Na+ toxicity. However, it does not imply that Cl- is meta-
bolically more toxic than Na+ rather the studied species are 
more effective in excluding Na+ from the leaf blades than 
Cl- (MUNNS 2005). Foliar spray with salicylic acid reduced 
Na+ absorption and toxicity in the current study which may 
be due to less damage inflicted to the cell membrane by 
toxic sodium ions. Cl- concentration in leaves of salinized 
grapevines exceeded those in roots. The ability of 'Qarah 
Shani' to maintain relatively low leaf Cl- content and to 
have higher biomass production at 75 and 100 mM NaCl 
salinity could be the main factors contributing to its more 
salt tolerant characteristics in comparison with 'Thomp-
son Seedless'. According to the results of the current study 
(Fig. 2), it can be concluded that 'Qarah Shani' has the abil-
ity to be more effective Cl- exclusion cultivar than the other 
one although the effectiveness is reduced by an increase in 
salt concentration. 
The similarity of the hydrated ionic radii of Na+ and 
K+ makes it difficult for cell membrane transport system to 
discriminate between these two ions and it seems that this 
is the basis of Na+ toxicity under high salinity (BLUMWALD 
2000). Na+ ions can be transported into cells by K+ trans-
porters (PARIDA and DAS 2004). Therefore, it seems that 
with the SA application at different levels of NaCl, 'Qarah 
Shani' was a better cultivar than 'Thompson Seedless' in 
discriminating K+ from Na+. How SA increases K+ accumu-
lation and decreases Na+ and Cl- ions uptake under salinity 
stress is yet to be elucidated. SA is a ubiquitous signaling 
molecule, which can change plasma membrane properties 
and affect ion channel activity (BALASUBRAMANIAN et al. 
1997, ENGELBERTH et al. 2001). The SA application result-
ed in higher K+ and lower Na+ concentration in cytosol by 
regulating the expression and activity of K+ and Na+ trans-
porters and also H+-pumps that generate the driving force 
for the transport. Also SA possibly maintains membrane 
integrity and helps in reducing the toxic effects of Na+ and 
Cl- ions (ZHU 2003). 
It has been reported that SA treatment reduced the 
levels of Cl- and Na+ and then increased the K+ content of 
cells and K+/Na+ ratio (GUNES et al. 2007). It can be con-
cluded that foliar application of SA can lead to an increase 
in K+ and a decrease in Na+ accumulation in the leaves and 
roots.
Along with an increase in NaCl concentration in root 
media, the amounts of NO
3
-N decreased and Cl- content 
increased in roots and leaves of both cultivars and it indi-
cated the inhibitory effects of Cl- ions on NO
3
- uptake. The 
results are in agreement with those reported by BAR et al. 
(1997) and by LEA-COX and SYVERTSEN (1993) who showed 
that the reduction in NO-
3
 uptake under salinity is associ-
ated with the antagonistic effects of Cl- ions. Foliar spray 
with SA improved NO-
3
 concentration in both cultivars sig-
nificantly (Fig. 4). It has been reported that salinity reduces 
nitrogen accumulation in plants (PARVAIZ et al. 2013). The 
reduction in NO-
3 
uptake is associated with Cl- antagonism 
or reduced water uptake under saline (LEA-COX and SY-
VERTSEN 1993). The antagonism between NO-
3 
and Cl- up-
take has been demonstrated in avocado (BAR et al. 1997), 
in citrus (BAR et al. 1997, CEREZO et al. 1997), in kiwifruit 
(SMITH et al. 1987) and in strawberry (WANG et al. 1989). 
Increasing NaCl salinity caused a significant decrease 
in both Ca2+ and Mg2+concentration in the leaves and roots 
of both cultivars. Na+ is the only cation with a crystal ionic 
radius similar to Ca2+ (Na+ = 0.097 nm vs Ca2+ = 0.099 nm) 
(CRAMER et al. 1985). Calcium as an essential element is 
required for the maintenance of cell membrane integrity 
and ion-transport regulation (CRAMER et al. 1985). At high 
levels of NaCl, the amounts of Ca2+ and Mg2+ were signifi-
cantly lower in 'Thompson Seedless' than in 'Qarah Shani' 
(Table). SHI and ZHU (2008) reported that Ca2+ and Mg2+ 
concentration in cucumber plants decreased at high levels 
of Mn2+and the addition of SA increased their transport 
from nutrient solutions to the plants. The inhibitory effects 
of NaCl salinity on Ca2+and Mg2+ uptake has also been re-
ported (MUDGAL et al. 2010). In the current study, with less 
than 100 mM NaCl salinity, SA did not affect the amount 
of Mg2+ in the roots and leaves of 'Thompson Seedless' cul-
tivar as compared with the control (Table).
It is well known that H+-ATPase in plasma membrane 
plays an important role in transport of several ions (SHI and 
ZHU 2008), and there are reports indicating that SA could 
induce H+-ATPase activity (HAYAT et al. 2010), which could 
contribute to higher Ca2+ and Mg2+ absorption under salin-
ity stress. It is known that the micronutrient absorption is 
generally less affected by salt stress as compared with ma-
cronutrients (EL-FOULY and SALAMA 1999). Changes in the 
micronutrient concentration in plants depend on the type 
of crop species, the levels of macronutrients, the levels of 
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salinity and the plant organ (HU and SCHMIDHALTER 2001).
Zn2+ and Fe2+ concentration also gradually decreased 
in leaves and roots of both cultivars with an increase in 
the external salinity level (Table). Changes in Fe2+ and Zn2+ 
concentration in grapevine indicated that salinity stress 
disturbs ionic homeostasis and application of SA alleviates 
such disturbances.
In conclusion, one of the most detrimental effects of 
salt stress is to disrupt the ionic homeostasis mechanisms 
in plants. The results of the current study indicate that 
NaCl stress reduces the uptake of nutrient elements (NO-
3
, 
K+, Ca2+, Mg2+, Fe2+ and Zn2+) while Na+ and Cl- uptakes 
increase. Cl- accumulation was more pronounced in the 
leaves in comparison with the roots. SA reduced Na+ and 
Cl- concentration in root and shoot of both cultivars un-
der salinity. However, it increased NO-
3
, K+, Ca2+, Mg2+, 
Fe2+ and Zn2+ concentration in the tissues. SA treatments 
increased the K+/Na+ ratios in both roots and leaves. The 
current findings indicate that increasing mineral nutrient 
uptake by SA application under salinity may be one of the 
major mechanisms by which SA alleviates deleterious ef-
fects of salt stress on plants. The effectiveness of SA in 
inducing tolerance against salt stress might depend on the 
concentration of SA, salinity intensity and plant cultivar. 
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